Small pieces of liver from rats subjected to different dietary regimes were fixed by freeze-drying, and postfixed by in vacua heating and denaturation with alcohol.
INTRODUCTION
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:~ Present address: Department of Anatomy, School of Medicine, The University of Pennsylvania, Philadelphia. lated small particles or "microsomes" (10) 500 to 2000 A in diameter, to which he attributed the basophilic properties of liver cell cytoplasm. Similarly isolated particulates have been examined with the electron microscope by Littlefield, Keller, Gross, and Zamecnik (25); Kuff, Hogeboom, and Dalton (23) ; and Palade and Siekevitz (31) . Most of the ribonucleic acid of the microsomal fraction has been correlated with small dense granules (70 to 300 A in diameter) visualized with the electron microscope after fixation in osmium tetroxide (31) . Similar granules have been observed within cells by a number of investigators (15, 30, 33) .
While these investigations have permitted a correlation of biochemical data with the morphology observed after a particular type of fixation ---chemical fixation, the cytochemical characterization of cellular structure in situ is still wanting.
The major difficulty seems to have been the lack 291 292 ELECTRON MICROSCOPY OF BASOPHLLE SUBSTANCES of a method of fixation which would permit the application of existing cytochemical criteria for the identification of the basophile components of cells examined in the electron microscope. It is the purpose of this paper to report a series of procedures whereby tests currently used for the identification of basophile cellular structures with the light microscope are applied to the identification of these same elements as observed in electron micrographs of frozen-dried liver. These criteria are: (a) stainability with basic dyes or the Feulgen reaction; and (b) abolition of basophilia and the Feulgen reaction with ribonuclease and deoxyribonuclease.
Application of these tests to frozen-dried rat liver has demonstrated that the basophilic substances of cytoplasm and nucleus are distributed in a continuous phase of the protoplasmic ground substance formed by the walls of submicroscopic vacuoles.
Materials and Methods
Three groups of 9 week old virgin female albino rats were used. One group of six animals was maintained on boiled round steak and calf liver for 6 days (high protein diet). Another group of six animals was fed white bread and refined sugar for 6 days (high carbohydrate diet). A third group of four rats was deprived of all food for 4 days. Several young male rats maintained on a stock diet were also used. Food and water or water alone were available ad libitum in all eases.
At the termination of feeding or starving, the rats were struck on the head and bled out by severing the large thoracic blood vessds. A piece of the left lobe of the liver was removed to a moist chamber and cut, while still wet with blood, into pieces 0.1 to 0.2 mm. on an edge. Four to ten of these small pieces of tissue were placed on a small square of thin aluminum foil and frozen by immersion in liquid propane cooled to --175°C. The method has been shown to result in fixation without ice crystals (16, 17) . Material which could not be frozen within 3 minutes after death was discarded. The frozen tissues were dried in vacuo at --35°C., heated in ~awuo at 100°C. for 24 hours, and then infiltrated with 95 per cent alcohol without breaking the vacuum to air. The effect of heat on frozen-dried liver was controlled by omitting the heating of several specimens.
Tissues for ribonuclease 1 and deoxyribonuclease s a Digestion for 10 hours in unbuffered 0.S per cent solution of ribonuclease (Worthington) in distilled water; pH 5.5-6.0, 25°C. Control medium pH 5.6--6.3.
Digestion for 4 hours in unbuffered 0.2 per cent solution of deoxyribonuclease (Worthington) in disdigestion were brought from 95 per cent alcohol, through graded alcohols, to distilled water, incubated in enzyme solution, washed with distilled water, and returned to 95 per cent alcohol. The effects of enzymatic digestion were controlled by tissues immersed in media lacking the enzyme 1, 2; these preparations are referred to as enzyme digestion controls. The effects of enzymatic digestion and control media were additionally studied by comparison with specimens which were: (a) stained directly with gailocyanin-chromalum or the Feulgen procedure without prior exposure to water; (b) stained directly with 5 per cent platinic tetrabromide in 95 per cent alcohol (16) , thereby providing a control of possible effects of watery dye solutions; or (c) embedded directly in methacrylate without any staining, and thus controlling the possible effects of both aqueous and non-aqueous stains. Such preparations are referred to as unextracted controls.
Staining with gallocyanin-chromalum s served as the basis for comparison of electron micrographs and photomicrographs of ribonuclease-treated tissues and their controls. This stain proved to be superior to azure II 4 in its density toward electrons and staining selectivity, and was consequently employed more extensively than azure H. Staining with chromalum solution alone s provided a control of the possibility of any sdective staining by excess metal ions in the gallocyanin-chromalum solution.
The base line for comparing electron micrographs and photomicrographs of deoxyribonuclease-treated tissues and their controls was staining with gallocyaninchromalum and the Feulgen reaction, 6 but the latter procedure required a more elaborate set of staining controls. Prior to hydrolysis in hydrochloric acid, enzyme-digested tissues and their controls were stained with leucofuchsin, gallocyanin-chromalum, or platinic tetrabromide; analogous tissues were similarly stained after hydrolysis. In addition, hydrolyzed and unhydrolyzed tissues were embedded unstained.
All specimens were embedded in methacrylate. Sections estimated to be about 0.05 # thick were viewed with a Phillips EM 100 electron microscope equipped with an objective lens rated for 20 A resolution (16, 17) . tilled water containing 0.01 per cent gelatin and M/100 magnesium sulfate; pH 4.3, 37°C. Control medium pH s.8.
s The stain (Bios) was prepared by Lagerstedt's method (24); pH 1.7, 48 hours staining. Chromalum solution alone was similarly prepared, but the dye was omitted; pH 2.0, 48 hours staining.
4 Azure II (Coleman and Bell) in 0.2 per cent unbuffered aqueous solution; pH 4.2, 48 hours staining, followed by wash in 98 per cent alcohol.
6 Feulgen procedure: N/I hydrochloric acid for 30 minutes at 4°C., followed by 15 minutes at 00°C.; 30 minute wash in distilled water; 3 hours in leucofuchsin (18) ; 3 hours in sulfurous acid (18) .
Sections 4 micra thick were mounted in immersion oil (ShiUaber, Grade B) for tight microscopy.
OBSERVATIONS

Sections Viewed With the Light Microscope
Four micra thick sections of unextracted control rivers stained with gallocyanin-chromalum or azure II and examined with the light microscope, disclosed the well known distribution of basophile substances in nuclei and cytoplasm. The cytoplasmic structures, however, were not homogeneous discrete bodies, but appeared very finely granular and blended into the surrounding cytoplasm. Basophilic structures were quite prominent in specimens from protein-fed rats, and less evident in material from carbohydrate-fed and starved animals. Basophilic and Feulgen-positive materials were absent in tissues digested with the appropriate nucleodepolymerase.
In the initial phase of this work the frozen-dried liver specimens were transferred directly to 95 per cent alcohol after breaking the vacuum at room temperature with dry air. This procedure yielded excellent preservation of liver from protein-fed and starved animals, but frequently produced extensive cytological disruption of specimens from carbohydrate-fed rats. This disruption was overcome by the in vacuo heating of dried tissues at 100 ° for 24 hours prior to the in vacuo application of 95 per cent alcohol. The heating produced no observable alteration in the morphology, as compared with well fixed unheated river, either at the right or electron microscopic levels of resolution. Neither did heating produce any detectable difference in the sensitivity of basophile structures to the action of the enzymes. Application of heat did result in a somewhat increased alRnity of the basophile structures for the dyes used and consistently yielded good morphological preservation. For these reasons, most of the material used in this study was heated prior to treatment with alcohol.
Sections Viewed at Low Magnification with the Electron Microscope
The distribution of basophile structures stained with gallocyanin-chromalum (Fig. 4) , azure II, or the Feulgen procedure (Fig. 2 ) and observed at low magnifications resembled closely those observed with the light microscope. In the nucleus, the chromatin masses were selectively stained and appeared considerably denser than in unstained specimens (Figs. 3 and 5 ). Similar structures were present after staining with platinic tetrabromide (Fig. 1) .
Gallocyanin-chromalum stained the nucleoli (Fig. 4) , which were accordingly about as dense as chromatin; after the Feulgen procedure nucleori appeared to be unstained (Fig. 2) , and consequently much less dense than chromatin.
Electron micrographs of river stained with chromalum alone revealed nuclear and cytoplasmic structures. The densities of all structures were somewhat increased (as compared, for example, with unstained material), but there was virtually a complete lack of contrast; i.e., chromalum by itself, in contradistinction to gallocyanin-chromalure, displayed no staining selectivity. Although visible only with great difficulty after staining with chromalum alone, the morphology was entirely analogous with that seen after staining with gallocyanin-chromalum.
Mter ribonuclease digestion ( Fig. 7) , as with the light microscope, the chromatin was only slightly affected, while nucleolar and cytoplasmic densities were considerably reduced. Deoxyribonudease abolished the affinity of the chromatin masses for gallocyanin-chromalum and the Feulgen stain; the densities of such areas were consequently greatly reduced. These effects of enzyme treatment were also noted in unstained material (Fig. 6 ) and in material stained with platinic tetrabromide.
In carbohydrate-fed rat liver, the cytoplasm of unextracted controls stained with gallocyaninchromalum was very much less dense than the cytoplasm of similarly treated specimens from protein-fed livers. Nuclear chromatin was more finely divided, and nucleori tended to be considerably larger than in protein-fed livers.
In starved rat liver, the basophile substances in the cytoplasm of unextracted controls stained with gallocyanin-chromalum were almost entirely confined to very narrow shells of cytoplasm surrounding mitochondria.
The effects of ribonuclease on the basophile substances of river cells from protein-fed rats were also observed in material from carbohydrate-fed and starved rats.
Sections Viewed at High Magnification with the Electron Microscope
Gersh and coworkers (16, 17) have described the ground substance of the cytoplasm of frozendried liver cells as consisting of roughly spherical submicroscopic vacuoles (about 600 to 1200 A in diameter), which are separated by thin continuous walls approximately i00 to 200 A thick. These authors confider the contents of the submicroscopic vacuoles to be water-rich and protein-poor, whereas the walls are protein-rich and water-poor. A similar type of structure was found to exist in the nucleus, where the submicroscopic vacuoles tended to be smaller (about 600 to 900 A in diameter), and their walls correspondingly thicker, especially in the chromatin masses. The walls of the submicroscopic vacuoles of nucleus and cytoplasm are believed to constitute a continuous phase, while their contents form a discontinuous phase.
The observations which follow indicate that the basophlle, ribonudease-, and deoxyribonucleasesensitive substances in nuclei and cytoplasm were confined almost, if not entirely, to the walls of the submicroscopic vacuoles. In all tissues which passed through water in preparation for electron microscopy, the basophile and nucleodepolymerase-sensitive substances occurred as dense discrete granules (about 100 to 300 A in diameter), embedded in a less dense homogeneous matrix which was also basophile and sensitive to digestion with nudeodepolymerases. On the other hand, in tissues which were not brought into contact with water (unextracted controls embedded unstained or after staining with platinic tetrabromide), the basophile substances occurred as submicroscopic con~ entralions (roughly 100 to 300 A in diameter) of dense material which failed to show any sharp demarcation from the otherwise homogeneous matrix constituting the walls of the submicroscopic vacuoles. While the demarcation between granule and matrix is rather sharp, the submicroscopic concentrates blend into the matrix.
I. Staining with Gallocyanin-Chromalum:
A. Unextracted Controls.--Mter staining with gallocyanin-chromalum, the nuclei of liver cells of rats fed the protein or stock diet revealed aggreates of dense granules (250 to 300 A in diameter), which together with the less dense walls (250 to 300 A thick) of the nuclear submicroscopic vacuoles and their contents formed the chromatin masses and nucleoli (Figs. 11 mad 14) . The walls of the submicroscopic vacuoles of the remaining portions of the nucleus were less dense, and contained somewhat fewer granules than those of the chromatin masses and nucleoli (Fig. 11) . In all areas of the nucleus, the contents of the submicroscopic vacuoles were less dense than their walls (Fig. 11) . The distribution and density of the granules in the nuclei of livers from carbohydrate-fed and starved rats appeared to be the same as in livers from protein-fed animals, but the granules were 100 to 200 A in diameter, and the walls of the submicroscopic vacuoles were correspondingly thinner.
The walls of the cytoplasmic vacuoles of hepatic cells from protein- (Fig. 13) , stock diet-, and carbohydrate-fed, and of starved ( Fig. 15 ) rats contained dense basophilic granules approximately 100 A in diameter. These granules sometimes occurred in aggregates about 300 to 400 A in diameter. The walls of the submicroscopic vacuoles were thickest and densest in the liver cells of prorein-fed rats, and least dense and thinnest (about 100 A thick) in the liver cells of carbohydrate-fed ratsl In all cases, the walls of the submicroscopic vacuoles were most dense in the cytoplasm immediately adjacent to mitochondria.
The nucleoli in the liver cells of all animals consisted either (Fig. 11 ) of submicroscopic vacuoles (600 to 900 A in diameter) with their dense walls (250 to 300 A thick), or of uniformly distributed dense granules (about 150 A in diameter) in a less dense matrix (Fig. 14) .
B. After Ribonuclease Digestion.--In compari-
son with nnextracted controls, the granules and otherwise homogeneous matrix of the walls of the submicroscopic vacuoles in cytoplasm (Fig. 8) and nucleoli ( Fig. 7) were greatly reduced in density after digestion with ribonuclease. The granules and matrix of the walls of the submicroscopic vacuoles of the chromatin masses and remaining portions of the nucleus were only slightly diminished in density (Fig. 7) . The greatest reduction in cytoplasmic density occurred in the cytoplasm immediately adjacent to mitochondria, where cytoplasmic density was most marked in unextracted controls. The picture was qualitatively identical in unstained specimens and after staining with gallocyanin-chromalum and platinic tetrabromide.
C. After Deoxyribonuclease Digestion.--The walls
of the submicroscopic vacuoles in the nucleoli were much denser than those of the chromatin, which, in turn, were denser than those in other parts of the nucleus. Granules of about 100 A and 400 A diameters occurred in the walls of nucleolar submicroscopic vacuoles. Granules about 400 A in diameter could be recognized in the walls of the submicroscopic vacuoles of the chromatin masses and other parts of the nucleus, but they were less dense than those in the nucleoli. While the de-crease in nucleolar density was very slight, and the walls of the submicroscopic vacuoles in all parts of the nucleus were denser than their contents, there was a marked decrease (in comparison with unextracted controls stained with gallocyanin-chromalum) in the density of the granules and matrix forming the wails of the submicroscopic vacuoles in the chromatin masses. The cytoplasm was comparable with that observed in the distilled water controls of the ribonuclease digested tissues.
D. Enzyme Extraction Controls.--There was an over-all slight decrease in density (Fig. 9) as compared with unextracted controls. The morphology was identical with that of the unextracted controls.
II. Feulgen-Stained Tissues:
Feulgen-stained material was unsatisfactory for work at high magnifications. The smearing of details apparent in low magnification electron micrographs ( Fig. 2) was suggestive of diffusion, or perhaps non-specific staining. For reasons which follow, this appearance can be attributed to treatment with leueofuchsin and not to the hydrolysis procedure:
(a) Staining controls in which galloeyanin-chromalum was substituted for leucofuchsin after acid hydrolysis presented a cleanly defined submicroscopic picture of chromatin (Feulgen-positive substances), comparable to that seen in unextracted controls stained with gallocyanin-chromalum.
(b) The nuclear morphology of tissues embedded without staining after acid hydrolysis was also comparable to that of unstained unextracted controls.
In both comparisons, however, the densities in acid-hydrolyzed tissues were reduced, indicating some loss of material from chromatin, and virtually complete loss of basophile substances from nucleoli and cytoplasm. The Feulgen procedure might possibly be improved with minor changes in technique.
A. Unextracted Control Tissues.--Chromatin masses were diffusely dense and the submicroscopic vacuoles were barely, or not at all visible. Nueleoli were very pale, with diffuse dense perinucleolar rims. Granules 500 A in diameter and larger occurred in the chromatin masses. Diffuse perinuclear staining of the cytoplasm, suggestive of some sort of diffusion artifact, was also observed (see Fig. 2) .
B. After Digestion with Deoxyribonuetease.--Nuclei were almost entirely devoid of structure except for the occurrence of nucleoli. There were very vague indications of somewhat slightly denser diffuse areas.
C. Enzyme Digestion Controls.--The perinuclear diffuse staining was reduced in comparison with unextracted controls and the nuclei in enzyme digestion controls consequently appeared somewhat more sharply defined. There was, however, an over-all slight decrease in nuclear density as compared with unextracted controls.
I l L Tissues Stained witk Platinic Tetrabromide:
Apart from being denser than in tissues stained with gallocyanin-chromalum, the morphology was identical, with again but one exception: instead of discrete granules (which occurred in enzymetreated tissues and enzyme digestion controls), there were poorly defined denser submicroscopic concentrates (approximately 100 to 300 A in diameter) in the slightly less dense homogeneous matrix forming the walls of the submicroscopic vacuoles in tissues not treated with watery reagents (Figs. 10 and 16 ).
IV. Unstained Tissues:
Although cellular structures were less dense in all unstained tissues as compared with corresponding tissues stained with gallocyanin-chromalum, the morphology of the unstained unextracted controis (Fig. 12) , nueleodepolymerase-digested tissues (Fig. 6) , and enzyme digestion controls (Fig.  3 ) was similar to that of the corresponding stained tissues, with but one exception: there were no discrete granules in the unstained unextracted control tissues. Instead, the dense homogeneous matrix forming the walls of the submicroscopic vacuoles contained poorly defined denser submicroscopic concentrates (Fig. 12) .
DISCUSSION
Contrast in the electron microscope image is related primarily to differential scattering of electrons, which~ in turn, is dependent upon the density of the scattering object. The denser the object with relation to its surroundings, the greater the scattering, and consequently the greater the contrast. Thus, by virtue of their innate density, certain substances or structures in unstained tissues may be visualized with the electron microscope. If additional material were to be preferentially localized in these cellular components, their density would be increased and the image would possess correspondingly greater contrast. Con-versely, if a portion of a component were preferentially removed and its density thereby decreased, the image would possess less contrast.
If the observations presented in the preceding section are considered in this light, it is apparent that the dense constituents of unstained frozendried liver are stained by the dyes employed and are preferentially extracted by nucleodepolymerases. These dense constituents may, therefore, be correctly described as basophile-and nucleodepolymerase-sensitive, and being at least partially composed of nucleic acids.
However, Ornstein (29) has suggested that increased specimen contrast observed after staining can be attributed to a stabilizing effect by the reagent " . . . such that material which was easily sublimed by the electron beam before treatment is stable afterward." This possibility would seem to be excluded by the following observations: (a) Selective increases in density were observed (in areas of stain binding) which cannot reasonably be attributed to a preferential stabilization of structure by heavy metals---the Fenlgen stain and azure II contain only those atomic species which normally occur in cellular components; they do not contain heavy metals. (b) Unstained tissues, tissues stained with chromalum alone, and those stained with gallocyanin-chromalum all showed essentially the same structure. Over-all density in unstained material, however, was very low, while in chromalum-stained specimens it was somewhat higher, with poor contrast in both instances. This would seem to support Ornstein's speculation, were it not for the fact that there was greatly improved contrast due to selective increases in density of certain structures in gailocyanin-chromalum-stained tissues, where non-specific binding of excess metal ions could be assumed to stabilize all structures.
The following observations (as weU as (a) and (b) above) also indicate that the nucieic acidcontaining structures are not only stained by the dyes used but are stained selectively~: (c) The Feulgen stain applied prior to acid hydrolysis had an effect similar to that of chromalum alone; appried after hydrolysis, it revealed in electron micrographs a characteristic distribution of chromatin and its fine structure. Bondareff (1) has recently shown that leucofuchsia (as used in the Hotchkiss procedure for carbohydrates) provides sufficiently increased contrast to be used for the detection of glycogen in electron micrographs of frozen-dried guinea pig liver. Isenberg (19) has also presented calculations which show that the extinctions produced by dyed structures in the right and electron microscopes have the same order of magnitude, and that, as a consequence, dyes which produce sufficient contrast for easy visibility in the light microscope should produce adequate contrast for visibility in the electron miscroscope. In addition, Locquin (26) has reported that after staining fixed tissues with metal-containing organic dyes, phase contrast and electron microscopy reveal comparable increases in density as compared with unstained material.
It would thus appear that increased specimen contrast after the use of staining reagents is not necessarily due to the selective stabilization of tissue components by the bound reagent.
Cytoplasmic and Nucleolar Basophilia
High magnification electron micrographs disdosed that the basophile substances of the cyt 0-plasm are preponderantly localized in a continu~ls phase of the cytoplasmic ground substance which constitutes the walls of submicroscopic vacuoles (16, 17) . The walls of these vacuoles appeared to consist of a dense homogeneous matrix, containing still denser submicroscopic concentrates approximately 100 to 300 A in diameter.
Electron micrographs showed that cytoplasmic and nucieolar densities (basophiria) were greatly reduced by ribonuclease, thus confirming the right microscope observations in other studies (14, 21, 24, 38) . The loss of basophilia was most pronounced in the walls of the submicroscopic vacuoles (matrix and "granules"). The fact that these structures remained visible, though faintly so, after enzyme treatment can be attributed to residual nucleic acid and/or a protein component which was not affected by the enzyme.
Nuclear Basophilia (Chromo, tin)
The chromatin in electron micrographs of liver specimens was found to be by far the densest and most basophilic cellular component. The basophile substances were very largely confined to the walls of the nuclear submicroscopic vacuoles, where they appeared as a very dense homogeneous matrix containing still denser submicroscopic concentrates 100 to 300 A in diameter. The chromatin "masses" did not appear as discrete bodies, but rather as regions in which the continuous phase of the nuclear ground substance, formed by the walls of the nuclear submicroscopic vacuoles, contained an abundance of dense material greater than that of the vacuolar walls in other parts of the nucleus (nuclear ground substance or sap).
In confirmation of earlier reports (7, 20) , the affinity of the dense substances of the chromatin for basic dyes and the Feulgen stain was greatly reduced by digestion with deoxyribonuclease. The decrease in staining was most pronounced in the walls of the submicroscopic vacuoles of the chromatin. Enzyme digestion controls showed only slight decrease in staining (density) as compared with unextracted control tissues, thus indicating that enzymatic digestion was almost entirely specific. The persistence of the morphological substrate of chromatin following enzyme digestion can be attributed, as in the case of cytoplasmic and nucleolar basophilia, to residual nucleic acid and/or protein.
Ribonuclease appeared to have no specific effect on the chromatin, as its basophilia was diminished to the same slight extent in enzyme digested tissues and in enzyme digestion controls.
Significance of Basic Staining
The cytoplasmic basophilia of liver cells has been attributed to the so called microsomes (2, 4, 10, 24), about 500 to 2000 A in diameter, but there is evidence that the optically clear supernatant fraction of liver homogenates contains large amounts of ribonucleic acid (2, 3, 11, 36) which can be sedimented as particulates of 100 to 300 A diameter (23, 25, 31, 32) .
The present study has shown that the cytoplasmic, ribonuclease-sensitive, basophile constituents of frozen-dried liver are present as dense submicroscopic concentrations which are continuous with the apparently homogeneous matrix which forms the walls of submicroscopic vacuoles. This interpretation of the distribution of the basophile substances makes the morphological distinction between microsomes and supernatant difficult to maintain. One might speculate that when liver cells are homogenized, those parts of the continuous phase (the walls of the submicroscopic vacuoles) of the cytoplasmic ground substance which are larger than 500 A separate as "microsomes," while smaller particles or dissolved components would be found in the supematant. Both fractions would contain some smaller or soluble components which have reaggregated to form particles smaller or larger than 500 A. During sedimentation, the more rapidly moving (larger and/or denser) components must pass through the smaller slower elements. Consequently, the rapidly moving particulates might become contaminated by adsorption of the slower ones (22, 37) . The soluble constituents of both size groups would still appear in the non-sedimentable fraction.
If such speculations were indeed correct, the appearance of ribonucleic acid in either fraction would then be of doubtful significance. Since the observations presented here indicate that the particulate nature of the microsomes is probably an artifact, a simpler and more justifiable approach might be to regard both the microsomal and supernatant fractions as a single entity representing, somewhat inadequately, the composition of the ground substance of cytoplasm.
Data (27, 28) tending to show little or no decrease in total ribonucleic acid levels of the liver during low protein intake are difficult to reconcile with the commonly described cytoplasmic changes accompanying variations in diet. The small changes in the ribonucleic acid content of microsomes and supernatant notwithstanding, the cytoplasm of liver cells from animals fed a high protein diet is clearly more basophile, with the .light microscope, than hepatic cell cytoplasm after a protein-poor or carbohydrate diet or after starvation. Mirsky, Allfrey, and Daly (27) suggest that cytoplasmic nudeoproteins may be present in such a finely dispersed state that no basophilic granules are visible microscopically.
The present observations confirm this suggestion. Although the light microscope revealed little or no cytoplasmic basophilia (the picture varied from cell to cell) in liver cells from rats fed a high carbohydrate diet or from starved rats, electron micrographs showed that the cytoplasm of such cells contained dense basophilic substances in relatively undiminished concentration as compared with specimens from livers of protein-fed rats.
Relation of other Electron Microscopic Obser~tions to this Work
A nucleoprotein composition has been attributed to the small dense granules disclosed by electron microscopy in the nucleoli, nuclear sap, and cytoplasm of cells following fixation in osmium tetroxide. For several reasons, however, it is difficult to relate the small basophilic granules or submicroscopic concentrates described in this investigation to the structures seen after osmic fixation.
I. The nucleoprotein composition in all cases has been inferred previously from comparisons of patterns of basophilia disclosed by the light microscope with the distribution of various morphological entities seen in electron micrographs. The inconclusive nature of such comparisons is emphasized by the present finding that basophile substances are detectable with the electron microscope when they are judged to be absent with the light microscope.
2. Electron microscopic observation of the effects of ribonuclease on cellular structure have produced conflicting interpretations. Dalton (12) has found that "cytoplasmic lameilae" were removed by ribonuclease from the stomach chief cells, but not from exocrine cells of the pancreas after fixation by perfusion with a mixture of osmium tetroxide, lanthanum nitrate, and potassium dichromate. Dalton and Striebich (13) reported that the cytoplasmic lamellae of pancreatic acinar cells and stomach chief ceils, after Regaud fixation, were removed by ribonuclease. Weiss (40) also found that "ergastoplasmic membranes" of pancreatic acinar cells lost much of their fine structure when formalin-fixed tissues were digested with ribonuclease.
On the other hand, Palade and Siekevitz (31) have found that in unfixed pellets of microsomal material from liver it is a small granule component, rather than the lamellated structures, which are affected by ribonuclease.
Because a number of investigators (5, 6, 34, 41) have emphasized the marked differences in submicroscopic structure produced by various fixatives, and the process of fixation is still so poorly understood, it seems untimely to attempt a reconciliation of these conflicting results or their correlation with the present findings.
S~Y AND CONCLUSIONS
Previous attempts at identification of nucleoprotein structures in electron micrographs have rested on morphological observations rendered difficult of interpretation by the experimental procedures used. The present study was therefore undertaken in the belief that cytochemical procedures currently used to characterize the distribution of nucleic acids with the light microscope could be employed for their detection with the electron microscope. Techniques were developed for the use of gallocyanin-chromalum, azure II, the Feulgen reaction, ribonuclease, and deoxyribonuclease in the study of the submicroscopic disposition of basophile substances of frozen-dried rat liver. Numerous controls showed that the techniques are as specific for use with the electron microscope as with the light microscope. The Feuh gen procedure, as used, was not suitable for revealing the finer aspects of the submicroscopic disposition of deoxyribonucleic acid.
The basophile, nucleodepolymerase-sensitive substances of both nucleus and cytoplasm are chiefly confined to a continuous phase of the protoplasm. The basophile substances are distributed in the form of "granules," or submicroscopic concentrates 100 to 300 A in size in the walls of submicroscopic vacuoles, and in a homogeneous form as the matrix which constitutes the walls of the submicroscopic vacuoles. The "granules" appear to be formed from the submicroscopic concentrates by the action of watery reagents. The submicroscopic concentrates are regions of the ground substance where the basophfle substances are more concentrated as compared with adjacent areas; they are not sharply separable from the remainder of the ground substance.
Nuclear chromatin and the chromophile substances of the cytoplasm do not appear in electron micrographs as discrete bodies more or less sharply delimited from the neighboring structures, as in the light microscope. They appear in frozen-dried material as regions in which the continuous phase of the ground substance contains an abundance of basophile material greater than that of adjacent parts.
The observations are discussed in relation to recent cell fractionation, biochemical and electron microscope studies, and it is concluded that the concept of "microsomes" is difficult to maintain within the scope of the interpretation presented here of the distribution of basophile substances of cytoplasm after freeze-drying. Fig. 15 , all electron micrographs are of sections of liver from protein-or stock <liet-fed rats. Fig. 15 is an electron microgrsph of a section of liver from a starved animal. Most tissues were stained in toto, embedded in methacrylate, and sectioned; some tissues were embedded without being stained.
All electron micrographs were taken with a Philips EM 100 electron microscope on adox KB-14 or Kodak fine grain positive 35 millimeter films and developed in micredol.
PLA~Z 160
FIO. 1. Electron micrograph of a section of unextracted control liver, stained with alcoholic platinic tetra° bromide. The specimen of liver, until it was sectioned, was in contact with no reagent more watery than 95 per ~ent alcohol. The ground substance of both nucleus and cytoplasm consists of less dense submicroscopic vacuoles enclosed by denser walls, producing a granular appearance at this magnification. The nucleus shows dense areas corresponding to chromatin. The largest of these areas (lower left) may be a nucleolus. Dense mitochondria appear in the cytoplasm. )< 10,000.
FIo. 2. Electron micrograph of a section of unextracted control liver, stained by the Feulgen procedure. Dense (Feulgen-positive) masses of chromatin appear seattered, at the nuclear periphery, and as a rim about the less dense nucleolus (upper left). Evidence suggestive of a diffusion of Feuigen-positive material from the nucleus into the cytoplasm appears to the left of the nucleus. Cytoplasmic and nucleolar details are poor, because of the absence of staining and the removal of ribonucleic acid. X 9,000.
FIo. 3. Electron micrograph of a section of an enzyme (ribonuclease) digestion control liver specimen, embedded in methacrylate without staining. Nuclei contain dense areas corresponding morphologically to chromatin. The less dense mitochondria are surrounded frequently by denser rims of cytoplasm. A structure corresponding to a nucleolus appears (upper right) in the larger of the two nuclei. Over-all density, as compared with tissues stained with platinic tetrabromide (Fig. 1 ) and the Feulgen procedure (Fig. 2) , is greatly decreased. X 6,000. Electron micrograph of a section of an enzyme (ribonuclease) digestion control liver specimen, embedded in methacrylate without staining. The figure is a higher magnification of the larger of the two nuclei in Fig. 3 . The nucleus contains dense areas which correspond morphologically to chromatin. The large dense area in the left part of the nucleus may represent a nucleolus and associated chromatin. The walls of the submicroscopic vacuoles of the chromatin are denser than those of the "nucleolus," and much denser than those of the nuclear ground substance. The contents of the submicroscopic vacuoles of the chromatin, nucleolus, and nuclear ground substance are less dense than the walls of the submicroscopic vacuoles. Over-all density is less than in specimens stained with gallocyanin-chromalum (Fig. 4) , or platinic tetrabromide (Fig. 10) . )< 17,000. (Figs. 4 and 11) . The basophilia of the chromatin masses, perinucleolar chromatin, and nuclear ground substance is only slightly, if at all, affected. Cytoplasmic basophilia has been reduced to a greater extent than that of the nucleolus. X 17,000.
FIG. 8. Electron micrograph of a section of liver digested with ribonuclease, and stained with gallocyaninchromalum. The entire figure is occupied by an area of cytoplasm from which mitochondria are absent. Basophilia, as compared with controls ( Fig. 9) , is greatly reduced. The walls of the submicroscopic vacuoles are only slightly denser than their contents, and the dense basophilic granules are absent. X 48,000.
Fro. 9. Electron micrograph of a section of an enzyme (ribonuclease) digestion control liver, stained with gallocyanin-chromalum. The entire figure is occupied by an area of cytoplasm containing no mitochondria. The walls of the submicroscopic vacuoles contain dense basophilic granules about 100 A in diameter. X 54,000.
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Fio. 10. Electron micrograph of a section of unextracted control liver, stained with alcoholic platinic tetrabromide. The specimen of liver did not come into contact with any reagent more watery than 95 per cent alcohol until it was sectioned. In the cytoplasm the walls of the submicroscopic vacuoles are denser than their contents. Mitochrondria are very dense. A portion of a nucleus in the lower right corner shows dense areas corresponding morphologically with chromatin. Over-all density is greater than in unstained specimens (Fig. 5) , and in specimens stained with gallocyanin-chromalum (Fig. 4) . X 17,000.
FIO. 11. Electron micrograph of a section of unextracted control liver, stained with gallocyanin-chromalum. The entire figure is a portion of a nucleus. Clusters of dense granules (about 100 to 300 A in diameter) surround the nucleolus in upper center of the figure. These granules are absent from the walls of the submicroscopic vacuoles o[ the surrounding nuclear ground substance. The walls and contents of the nucleolar submicroscopic vacuoles are denser (more basophilic) than those of the surrounding nuclear ground substance. X 34,000. Electron micrograph of a section of unextracted control liver from a starved rat, stained with gallocyaninehromalum. Accumulations of dense basophile granules surround the less dense mitochrondia. As compared with liver from a protein-fed rat (Fig. 13 ), starvation appears to have produced no diminution of the granular basophile material. × 69,000.
FIO. 16 . Electron micrograph of a section of unextracted control liver, stained with alcoholic platinic tetrabromide. Until it was sectioned, the specimen of liver was in contact with no reagents more watery than 95 per cent alcohol. The dense mitochrondria are surrounded by submicroscopic vacuoles with dense walls. In the latter are denser submicroscopic concentrates about 100 to 300 A in diameter. The submicroscopic concentrates blend almost imperceptibly with the homogeneous matrix of the vacuolar walls. The sharply demarcated granules evident in Figs. 13 
